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(54) MANUFACTURE OF SEMICONDUCTOR SUPERLATTICE 

(57)Abstract: 

PURPOSE: To form a Ge layer and an Si layer or a Ge- 

Si layer and an Si layer on an Si substrate, and also to 

put a hetero-epitaxial growth method, in which excellent r 

crystal quality and high growth speed can be obtained, 

into practical use. f U 

CONSTITUTION: The title semiconductor superlattice | 

manufacturing method is the method with which a Ge v 

layer and an Si layer or Ge-Si layer and an Si layer are 

epitaxially grown on an Si substrate by conducting a ; _ 

depressed CVD method under the atmosphere 

containing oxidizing impurity gas of 1000ppb or lower 

using GeH4 and trisilane (Si3H8) as raw gas and also 

using H2 or inert gas as carrier gas. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of carrying out epitaxial growth of the 
semi-conductor superlattice of the high quality which consists of a silicon layer, a germanium layer or a 
silicon layer, and a silicon germanium layer with many presentation ratios of germanium with a high 
growth rate. 

[0002] Silicon (henceforth, Si) It is germanium (henceforth, germanium) on a substrate. The crystal to 
which epitaxial growth of the Si was carried out by turns has the property of a direct transition mold, 
and the application as an optical element is expected. 

[0003] For example, although development of the device aiming at high accumulation is furthered using 
the ingredient to which heteroepitaxial growth of the superlattice crystal which consists of Si and 
germanium was carried out by ultra high-speed, such as a hetero-bipolar transistor (HBT), a photo 
detector, and a high electron mobility transistor (HEMT), application of few [ and ] of these approaches 
that a growth rate is quick has a very effective crystal defect to these. 
[0004] 

[Description of the Prior Art] There is molecular beam epitaxy (MBE) as an approach of forming 
devices, such as HBT, using the crystal layer which was made to carry out epitaxial growth of Si, 
germanium or this Si, germanium mixed crystal, and the Si, and formed them. 
[0005] That is, it is possible by measuring the signal strength of electron diffraction and controlling a 
crystal growth rate in atomic layer to perform heteroepitaxial growth which has a superstructure. 
[0006] By ****, although MBE is the technique in which crystal growth can be structurally performed 
extremely to a precision, it has the problem referred to as that the defect density of a crystal which grew 
practical is large, and control of defect density is not made. 

[0007] Moreover, many processings cannot be performed about a large-sized substrate, therefore a 
problem is in productivity. On the other hand, although vapor growth (CVD) is an approach which can 
do a good crystal layer, to Si layer or the big mixed-crystal layer of the presentation ratio of Si, the 
epitaxial growth below 500 ** is difficult. 

[0008] That is, if approaches, such as performing an ultraviolet radiation exposure, are used, using a 
special silane like a fluoridation silane (SiF2H2), the growth below 500 ** is unknown about growth of 
mixed crystal with possible ****** and germanium. 

[0009] Moreover, trishiran (Si3H8) It is low and the boiling point is [ 52.9 degrees C and ] Polycrystal 
(Pori) Si. Although known as a formation ingredient of an amorphous substance (amorphous) Si, it is 
not known about whether epitaxial growth is made at low temperature with a CVD method. 
[0010] Moreover, when germanium layer is thick about germanium, the crystal growth which the lattice 
defect is included by the high consistency since island-like growth arises in the initial state of growth, 
and takes precise structure although it is known that it can grow epitaxially on Si substrate with a CVD 
method is difficult. 
[0011] 
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[Problem(s) to be Solved by the Invention] as the material gas which carries out heteroepitaxial growth 
of the germanium with a CVD method on Si substrate — germane (GeH4), Diethyl germane [GeH2 
(C2H5)], Dimethyl germane [GeH2 (CH3)] etc. - although mentioned - germane (GeH4) It is the most 
general. 

[0012] And since it is easy to grow up in the shape of an island in carrying out hetero growth on Si 
substrate, in order to grow up good germanium film of surface smoothness, it is necessary to lower 
growth temperature below to 500 **. 

[0013] next, the time of carrying out epitaxial growth of the Si on Si substrate - as material gas - 
disilane (Si2H6) When using it, it is very difficult to perform epitaxial growth at ** which can grow 
epitaxially above 550 **, and the temperature not more than it. 

[0014] moreover, when ** which can be formed at the temperature more than 550 ** when carrying out 
heteroepitaxial growth of the mixed crystal of Si and germanium on Si substrate, and there are few 
presentation ratios of germanium, and the presentation ratio of germanium are big, it is difficult to form 
a flat mixed-crystal layer. 

[0015] It is required to lower the growth temperature of Si layer to carrying out heteroepitaxial growth 
of Si layer, germanium layer or Si layer, and the Si-germanium mixed-crystal layer, and forming semi- 
conductor superlattice from the above thing below at 500 **. 
[0016] 

[Means for Solving the Problem] The content of GeH4 and oxidizing quality impurity gas can solve the 
above-mentioned technical problem by constituting the manufacture approach of semi-conductor 
superlattice by being characterized by making trishiran (Si3H8) into material gas, using H2 or inert gas 
as a carrier, and carrying out epitaxial growth of germanium layer, Si layer or a germanium-Si layer, and 
the Si layer on Si substrate with a reduced pressure CVD method under the ambient atmosphere of 100 
or less ppb. 
[0017] 

[Function] Although it is required to make growth temperature at the time of forming Si film with a 
CVD method below into 500 ** as previously described for forming the superlattice which consists of 
the superlattice or Si layer, and the Si-germanium mixed-crystal layer of Si layer and germanium layer 
on Si substrate An artificer is trishiran (Si3H8). Gas is used and the content of oxidizing quality 
impurity gas (02, H20, CO, C02, etc.) is 100 ppb. The possible thing was found out when considering 
as the following ambient atmospheres. 

[0018] Drawing 1 is a disilane (Si2H6) and trishiran (Si3H8). About the case where it is used the 
relation between growth temperature and a growth rate - being shown - **** ~ Si2H6 a partial 
pressure - 1.5 xlO-2 torr again - Si3H8 a partial pressure - 1x10-2 ton* 2x10-2 torr it is - H2 - a 
carrier - carrying out - total pressure - 20 torr ** - it is carrying out. This drawing to Si2H6 When 
using it, at 500 **, a growth rate is [ a part for about 2A/, and ] Si3H8 to few things. If it is used, by 500 
**, it is as high as a part for number - 10A7, and it is shown that 450 ** can also grow epitaxially. 
[0019] in addition - according to an experiment - Si3H8 using it - epitaxial growth - carrying out - 
the content of 02, H20, and oxidizing quality impurity gas like CO and C02 - very - few - 100 PPB 
the low pressure CVD system which it is required to be the following, therefore it uses - airtightness - 
high - carrier gas and Si3H8 And it turned out that it is an indispensable condition that the purity of 
GeH4ishigh. 

[0020] In addition, Si2H6 Si3H8 For a partial pressure, a partial pressure is 4x10-2 torr. When it became 
the above, it was observed that polycrystal grows up to be a substrate side. Next, drawin g 2 is the 
experimental result which investigated the relation of the period of superlattice and the flow rate of 
GeH4 gas which were calculated from the X diffraction measurement measured to whenever [ low 0 to 
20 degrees angle-of-diffraction ]. ** The mark makes substrate temperature 470 **, and is Si3H8. It is a 
part for lOOml/about the amount of supply, It is supply time amount 120 It considers as a second. When 
supply time amount of GeH4 is made into 30 seconds, O mark makes substrate temperature 550 **. 
Si2H6 It is a part for 20ml/about the amount of supply, when supply time amount was made into 30 
seconds and supply time amount of GeH4 is made into 10 seconds, ** mark makes substrate 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 7/29/04 



Page 3 of 3 



temperature 500 **, and is Si2H6. It is a part for 40 ml/about the amount of supply, The case where 
made supply time amount into 120 seconds, and supply time amount of GeH4 is made into 20 seconds is 
shown. 

[0021] By ****, the mark of void shows that superlattice is formed as a result of measurement, and the 
black seal impression shows that the period of superlattice is not accepted. Although a period is not 
accepted by **** when a growth cycle is small, and when large, I think that germanium layer will be in 
the condition of the mixed crystal of SiGe when the reason has a small growth cycle, and surface 
irregularity benefits island-like growth of germanium intense when a growth cycle is large, and it will be 
similar to mixed crystal on appearance. 

[0022] From this drawing, it is Si2H6. Although a period is not observed by 6A or less and 20A or more 
by the superlattice 4 expressed with O mark which used it and was grown up by 550 **, it is Si3H8. 
Although a period is no longer observed by 4A or less and 30A or more by the superlattice 5 expressed 
with ** mark which used it and was grown up by 470 ** Si3H8 It turns out that the range of periodic 
width of face can be extended by use. 

[0023] moreover (004) The average presentation of the SiGe superlattice for which it asked from the 
result of the X diffraction of a field to Si2H6 Although the presentation ratio of germanium in 
germanium layer is at most 50% in the superlattice 6 which was grown up using GeH4 by the 
superlattice 4 and 500 ** which were expressed with O mark grown up by 550 **, and was expressed 
with ** mark germanium presentation in germanium layer of the superlattice 5 which was grown up by 
450 ** and expressed with ** mark can be presumed to be 80% or more using Si3H8 and GeH4, and it 
turns out that it is improved remarkably. 
[0024] 

[Example] Example 1 : (example [ layer / germanium layer and / Si ] of multilayer growth) Field bearing 
uses Si of (001) as a substrate. After immersing this in the mixed liquor of a sulfuric acid (H2S04) and a 
hydrogen peroxide (H202) and performing surface oxidation treatment, It is immersed in a fluoric acid 
(HF) water solution, an oxide film is removed, and defecation processing is performed, next this 
substrate is held in vapor growth equipment, and a degree of vacuum is 10 torr as direct pretreatment. It 
is temperature 900 in H2 ambient atmosphere of a high grade. Except for [ heat treatment for 10 minutes 
is performed by whenever, and ] an oxide film. 

[0025] then, air cooling - substrate temperature - 450 ** - carrying out - Si3H8 the partial pressure of 
GeH4 - respectively - 2x10-2 torr ** - carrying out - H2 - a carrier - carrying out - total pressure - 
20 torr ****** - by carrying out and supplying by turns, Si layer and germanium layer were able to be 
grown up by turns, and superlattice was able to be formed. 

example 2: (example [ layer / a germanium-Si layer and / Si ] of growth) - a gas supply program after , 
performing defecation processing of Si substrate and removal of an oxide film like an example 1 , as 
shown in drawing^ - every [ a short time ] - independent - GeH4 and Si3H8 Gas was supplied. 
[0026] That is, after supplying GeH4 for 1 minute in this case, spacing of 20 seconds is set, and it is 
Si3H8. It supplies for 4 minutes, and spacing of 20 seconds is set, GeH4 is supplied for 1 minute, and 
this is repeated. Thus, if the supply time amount of GeH4 becomes short, a mixed-crystal layer with a 
thickness of about several angstroms can be made for equalization of the presentation by the counter 
diffusion of germanium and Si. 

[0027] Moreover, Si layer is Si3H8 to the time amount equivalent to the thickness. It can make by 

supplying. Superlattice was able to be made by the above approach. 

[0028] 

[Effect of the Invention] The superstructure which consists of a germanium-Si mixed-crystal layer 
which contains germanium layer, Si layer, or high-concentration germanium by operation of this 
invention, and an Si layer can be grown up with sufficient quality with a high growth rate. 

— — — — N 

[Translation done.] 
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